A shock load occurred in a short time duration can lead to dangerous effect on the machine or structure. The use of conventional technique for shock vibration control by modifying the systems damping reduces the steady-state response of the system. However, this method fails to attenuate a large acceleration peak at the moment after the shock. An alternative method for reducing the maximum acceleration peak due to shock load using the principle of momentum exchange has been developed. When the shock excitation frequency is much larger in comparison with the main mass natural frequency, the passive momentum exchange impact damper(PMEID) produces good performance. However, the performance of PMEID decreases as the shock excitation frequency close to the main mass natural frequency. In this research, a simple technique to improve the performance of PMEID utilizing the pre-straining spring mechanism (PSMEID) is proposed. The dynamic model of the system with PSMEID is derived. Next, the simulation is conducted to evaluate the effectiveness of the proposed method.
INTRODUCTION
Shock vibration can become a serious problem in industrial and social environments.
1, 2 This is not surprising, as this type of vibration induces extensive acceleration in the machine or structure during a short period of time. Consequently, adverse noise generation and large force transmission to the surroundings occur. These potentially dangerous environments could result in many effects, including damage to sensitive equipment, as well as physical human discomfort.
Solutions for such shock vibration problems have been investigated, and a number of methods have been developed to solve them. For years, simple passive shock isolators have been utilized for shock vibration control; however, space limitation and performance degradation due to the variations of excitation frequency and the system's parameters have made this technique only suitable for restricted application.
Semi-active control strategies using variable elements have been considered for improving the linear passive elements in the flexible isolator system. T. Kawashima proposed these strategies under the condition that the collision-receiving object not only has perfect plasticity, but also the colliding object has perfect elasticity.
3 T. P. Waters et al. devised a dual rate damping strategy where the damping was reduced to a lower value, whilst a shock input was applied.
4 D. F. Ledezma et al. studied the isolation of shock vibration using a variable stiffness system, 5 while application of variable damping system for shock vibration control was proposed by H. U. Oh and Y. J. Choi. 6 D. Francisco et al. studied the transient vibration control strategy using a switchable mass stiffness compound.
7
Conventional and semi-active tuned mass damper was proposed to reduce the impact-induced vibration response. 8, 9 This method was shown to reduce the steady-state response, but it failed to suppress the maximum acceleration peak from the transient response, due damper motion delay.
Some recent studies have discussed the application of active control for shock vibration problems. D. V. Balandin et al. investigated the application of pre-acting control for shock and impact isolation systems. 10 The effectiveness of the method is evaluated using a performance index defined as the maximum value of the isolated object displacement relative to the base. D. Wang et al. used the linear quadratic integral (LQI) and H ∞ control technique to control the deformation ratio between the two collision objects.
11 A gain scheduled (GS) control, which formulates when deformation changes from the elastic range to the plastic range, has also been proposed.
12
A method for reducing the vibration system's maximum acceleration peaks from impact force using momentum exchange impact damper (MEID) was recently developed by L. Son et al. 13 Through this method, kinetic energy from the excitation load is partially transferred to the damper mass by means of a momentum exchange mechanism, thus decreasing the main
